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ABSTRACT 

A reformer for reacting fuel (12) and oxidant (16., 18, 20) into reformate (22). The 
reformer has an oxidizing zone (24-), a reforming zone (26) and an injection and mixture 
forming zone between the oxidizing zone (24) and the reforming zone (26). A. mixture of 
fuel (12) and oxidant (16, 18, 20) is delivered to the oxidizing zone (24) and is delivered at 
least in part to the reforming zone (26) following at least partial oxidation of the fuel ( 12). 
Fuel (14) and heat (28) can he supplied to the reforming zone (26) in a method for reacting 
fuel (12) and oxidant (16, 18, 20) into reformate. 
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-^£o«^fee AMO OXIDANT TNTO R FORMATE 

lO liH)jjLlJ|_T li e i riverit i o 1 1 relates to a reformer for converting 
f u e 1 and oxi d.an t into reformats, o omp r ising 3 n oxidation 
zone and a reforming zone, wherein a m _i xture of fuel and 
oxidant ma y be supplied to the oxidation zone , and t tie 
mixture may Joe supplied at least partially to the reforming 

15 zone upon an at least partial oxidation of the fuel, 

X^S£0|?UorL _o tlR.el ate d .Axl 

ICIO0 21 The invention relates further to a method for 
converting fuel and oxidant into reformate in a reformer 
20 having an oxidation zone and a reforming zone, wherein a 
mixture of fuel and oxidant is supplied to the oxidation 
zone, the mixture being supplied at least partially to the 
reforming zone upon an at least partial oxidation of the 
fuel , 

25 

JOOQ3J G eneric reformers and generic methods provide numerous 
fields of application. In particular, they serve for 
supplying a fuel cell with a hydrogen-rich gas mixture, 
from which electric energy may be generated on the oasis of 
30 electrochemical processes. Such fuel cells are employed^ 
for example^ in the automotive field as auxiliary power 
sources, so called APTJs ("auxiliary power unit") . 

iilfilMLL.T h e reforming process for converting fuel and oxidant 
35 into reformate may proceed according to various concepts - 
For example, the catalytic reforming is known , in which 
part of the fuel is oxidized in an exothermic reaction. 
This catalytic reforming has the dra wba c k. of a high heat 
generation which may irreversibly harm the system 
4 O components, in particular the catalytic converter. 

f O OlIS. L- An o t he r possibility for generating reformate from 
hydrocarbons is the " steam— re forming " . In this process, 
hydrocarbons are converted within an endothermic reaction 
45 into hydrogen by the aid of water vapor. 


JiMMMljL^ combination of these both concepts that is, the 
reforming on. the basi s of an exothermic reaction and the 
production of hydrogen t>y means of an. eridothe rm i c reaction 
in which the ener gy for steam— reforming is extracted from 
3 . the combustion of hydrocarbon s , is called -a«: autothermic 
reforming. Herein, the additional drawbacks arise that a 
possibility for supplying water has to be provided . High 
temperature gradients between the oxidation zone and the 
reforming zone constitute further problems in the 
lO temperature management of the entire system- 
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JOOCJ£Q _i\n example fe^ of a reformer having an oxidation unit 

which is separated from a reforming unit is given i n _Oar_m gai 
RMa ^-Aimlica Ltmri DE 199 43 248 Al" _wl^ cJa^ 

6.613.466 "AddTtioi^ all^-i^ I J>S. Ratfiaal^Aiajli*^^ a- svstem 

tlie aooik. exli.a u sl_... mts J n c re.a s e s tb_e .^-.iii 
mformgjr, bv..wM^b the i_gfoixoir t ,e ef f l ck mcy is distinctly imptiovecL Furthemierfe ^ JJfaiS 
refomierhas^area^ 

^_a_s^thcL_Q2djdj^_jgd aoxKi^_-gxKai3^_jga-s am±_tfag remaiBing residual air__caruif rLeng&gtary., b_Q 
p reheated "to oxidat i on p ri or to being inJxoc li igSji into , the maotioa simce of the refeme r; 
JM g .to 

Siamma.ry of the Invention 
100fjfiI_T h e invention is based on the obj ect to provide a 
reformer and a method for converting fuei and oxidant into 
reformato, in which the mentioned p r 00 1 cm s are overoome at 
least part ially and in which, in part ioular r probl ems due 
to high temperatures and large temperature gradients do not 
occur, respectively - 


mQQ2LThis 
3 S iix\^e 1 ih^oii _bv . 


oto j ect i s 
.fuel ..and .jiea l 


solvedJajCi^djiLce with the 
.he loL g; a d d 1 ti .0 .'< ia 11 v __s mp pXiQ d t o_ the 


f ^^:'fe->n±-2f e; -&- — O ^- 
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j^d^^a-rrt^g-^ ou-b — e m fc> o d im e nt a of — fehre — ±fw e nti on — a-r-ts — de f iianerd — 


I O QJllijLT h e invention is established fc>e yond the generic 
reformer in that fuel may additionally Joe supplied to the 
reforming zone, and in that heat may oe supplied to the 
reforming zone. The additionally supplied fuel thus forms 


S ufo.s.tltuLte-^St^e^ific^tiaix XtoskssLj^Lo^. 
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together with the exhaust gas f r oxn the oxidation zone^ the 
starting gas mixture tor the reforming process. Due to the 
mixing of the fuel with the exhaust gas,- a small X— value is 
provided (for example X — O. 4) , and an endothe rmi. c 
5 reforming reaction can takie place b y supplying heat. 

XOO..n 1— in this context^ it is especially benef icial that heat 
from the exothermic oxidation within the oxidation zone may 
foe supplied to the reforming zone* The heat energy 
1 0 resulting from the oxidation zone is thus converted in the 
course of the reforming reaction such that the net heat 
generation of the entire process does not lead to problems 
in the temperature management of the reformer. 

15 j^dr^- a n t a-ge ou si y IIlj^JL^4-~-^d^arLta,^oixsl^ it is provided that the 
reforming zone comprises an oxidation supply through which 
oxidant may he additionally supplied. In this manner^ a 
further parameter for influencing the reforming is 
provided, in order to optimize it. 

20 

IBOI 3,1— T he invention is, in a very beneficial manner^ further 
developed in that the additional fuel may be supplied to an 
injection and mixture forming zone and in that the 
additional fuel can flow from the injection and mixture 
25 forming zone into the reforming zone. This injection and 
mixture forming zone is thus arranged upstream of the 
reforming zone such that the reforming zone is provided 
with a well mixed starting gas for the reforming reaction . 

30 jOO Ul ln this context it is especially beneficial that the 
additional fuel is at least partially evaporated by the 
thermal energy of the gas mixture exiting the oxidation 
zone. Thus^ the reaction heat from the oxidation may be 
utilized in a beneficial manner also for the evaporation 

35 process of the f uel . 

Jj]lil3J51 _Furt her , it may foe beneficial that the gas mixture 
generated in the oxidation zone may be partially supplied 
to the reforming zone, bypassing the injection and mixture 
40 forming zone. Thereby, a further possibility for 

influencing the reforming process is provided such that a 
further improvement of the reformate exiting the reformer 
can be achieved with regards to its usage. 


- 4 £ - 


JOOyBJJItg The x n v e ri t i o n is established beyond the generic method 
in that additional fuel is supplied to the reforming z one r 
and in that heat Is supplied to the reforming zone , In this 
manner,, the advantages and special characteristics of the 
5 reformer according to the present invention are achieved 
also in the course of a method. This also applies for the 
following especially preferred embodiments of the method 
according to the present invention. 

lO liiOJ 7} T his method is beneficially further developed in that 

heat from the exothermic oxidation within the oxidation 
zone is supplied to the reforming zone ~ 

jMLULFurther , it may be beneficial that the reforming zone 
15 comprises an oxidant supply through which additional 
oxidant is supplied. 

HM O 91 Within the scope of the method, it is preferred that 
the additional fuel is supplied to an injection and mixture 
20 forming zone and that the additional fuel flows from the 
injection and mixture forming zone into the reforming zone. 


lilfi^O I In relation to the method. it is beneficially 
envisaged that the additional fuel is evaporated at least 
2.5 partially by the thermal energy of the gas mixture exiting 
the oxidation zone. 
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^Further, it can be provided that the gas mixture which 
is produced in the oxidation zone is partially supplied to 
the reforming zone, bypassing the injection and mixture 
forming zone . 


|OO Z2jLT h e invention is based on the conclusion that^ by 
separating the oxidation zone and the reforming z one, and 

35 by mixing the exhaust gas from the oxidation zone with the 
additionally supplied fuel, a gas mixture may be produced 
which provides good preconditions with regards to the 
following reforming and/or which can be optimized by the 
further supply of exhaust gas and oxidant with regards to 

40 the reforming process. 


ii )l>23l _The invention is now explained by way of example 
referring to the accompanying drawings and the preferred 
embodiments . 
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IlMi^Sl _Fi crure 1 isa schematic d i agram of 

according "to the present invention; and iri=t 


re f o rmer 


JO I ._Figure 2 ..ma flow chart for 

according to the present invention . 


explaining 


method 


r e f o r me r 1 O 
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P ota -ile dJDescriptiojiL <i£the I n vent ion 

lO L0il2 <lI_ Figure 1 shows a -sa^h-^esm-a^t-i-c d-i-grg=r^m of 

according to the present invention— SH^rerl 

oxidant 16 can be supplied 
respective supplies. For the fuel 12, for example^ diesel 
fael may foe considered^ jmd. the oxidant 16 is usually air- 

15 The reaction heat generated instantaneous within the 
initial combustion may be partially discharged in an 
optionally provided cooling zone 36* The mixture then 
further proceeds into the oxidation zone 24 which can be 
realised as a pipe which is arranged within the reforming 

2G zone 26. In alternative embodiments, the oxidation zone is 
realized by multiple pipes or a specific pipe arrangement 
within the reforming zone 26. Within the oxidation zone,- a 
conversion of fuel and oxidant within an exothermic 
reaction having takes place - The gas mixture 32 

25 produced thereby then enters an injection and mixture 
forming zone 30 in which it is mixed with injected fuel 14. 
The thermal energy of the gas mixture 32 can thereby 
support the evaporation of the fuel 14. Additionally, it 
can be provided that oxidant is supplied into the injection 

30 and mixture forming zone 30, The thus formed mixture then 
enters the reforming zone 2 6 where it is converted in an 
endothermic reaction, with 4 for example^ A^O . 4 . The heat 28 
needed for the endothermic reaction is discharged from the 
oxidation zone 24. For optimizing the reforming process, 

35 oxidant 18 may be additionally supplied into the reforming 
zone 26. Further, it is possible to directly supply part of 
the gas mixture 34 which is p r o d u c e d in the oxidation zone 
24 to the reforming zone 26, bypassing the injection and 
mixture forming zone 3G. The reformate 22 then flows out of 

40 the reforming zone 26 and is available for further 
utilization . 
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HMPXI Figure 2 shows a flow chart for explaining a method 
according to the present invention. In step SOI, fuel and 
oxidant is supplied to an oxidation zone. Thereafter, in 
step S02, an at least partial oxidation of the fuel occurs. 
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According to step S03, the gas mixture exiting the 
oxidation zone is supplied to the injection and ^a^s- joi_3Ltur@ 
forming zone. Further, in step S04 4 additional fuel is 
supplied to the injection and a-s__mlx turg forming zone- The 
5 mixture produced in the injection and mixture forming zone 
is then supplied in step SOS to the reforming zone, where 
it is reformed in step SO 6 within an endo thermic reaction, 
utilizing the reaction heat of the exothermic oxidation- In 
step S07 2 the reformate is extracted. 

lO 

IPOl^lThe features of the present invention disclosed in the 

preceding de script ion-7 i-n Jifxd the drawings na^rd — ±b-ri — =fenh.-e — (3-la-±-m-s 

can loe €^n^fci-f3t- l i iti li^ eci for the implementation of the 

invention, individually and in c omfc> ination - 
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